Aim. The aim of this study was to evaluate the incidence of health care-associated infections (HAIs) in patients treated in Polish intensive care units (ICUs). Methods. This retrospective analysis was based on the results of active targeted surveillance, according to the recommendation of the ECDC (European Centre of Disease Control and Prevention, HAI-Net light protocol), conducted in 2013-2015 in seven ICUs for adults located in southern Poland (observational study).
INTRODUCTION
Among HAIs (healthcare-associated infections) in the ICU (intensive care unit), one can distinguish forms dangerous to patient life, such as PN (pneumonia), BSI (bloodstream infection) and UTI (urinary tract infection). HAI incidence may be associated with many risk factors, such as the use of invasive diagnostic and therapeutic procedures, the environment of treatment (including technological advancement), underlying diseases and comorbidities, which are the reasons for hospital treatment. Traumatic injuries are the current leading cause of hospitalization in intensive care units, they are associated with a high risk of hospital complications (including HAIs) and significantly increased risk of death 1, 2 . Even though the constant progress of medicine allows for the treatment of more complex diseases and injuries, it can also generate the risk of HAI (ref. 1, 3, 4 ). The development of anaesthetic techniques has increased the age of patients as well as the number of those with serious coexisting diseases qualified for complex surgery and prolonged hospital treatment, which further elevates the risk of hospitalization in the ICU. It is thus particularly important to conduct effective HAI surveillance, with a detailed analysis of HAI incidence in relation to the epidemiological situation of a given department, hospital, region and country.
The differences in rates suggest differences in HAI monitoring complexity and surveillance sensitivity in various countries. In Poland from 1997 to 2001, hospitals could voluntarily participate in the passive surveillance programme conducted by the Polish Society of Hospital Infections (PSHI), which allowed for the ongoing assessment of the epidemiological situation in hospitals and provided an opportunity to work out standards for the effective surveillance and HAI prevention 5, 6 . Data from this programme revealed that the HAI incidence in ICUs was 19 .72% (ref. 5 ). The surveillance currently conducted by the PSHI is based on the assumptions of the HealthcareAssociated Infections Surveillance Network (HAI-Net), which is a European network for the control of HAIs. This network is coordinated by the European Centre for Disease Prevention and Control (ECDC).
The aim of the study was to analyse the epidemiological situation in Polish intensive care units in terms of healthcare-associated infections based on the example of a multi-centre study conducted using the HAI-Net ICU tools created by the ECDC, with particular emphasis on the following: -the possibility of conducting continuous surveillance in Polish hospitals and -comparing the similarities and differences between Polish and European hospitals.
MATERIAL AND METHODS
This retrospective analysis was carried out based on the results of an observational, prospective active targeted surveillance of hospital infections implemented in 2011 based on the recommendation of the ECDC (HAI-Net light protocol) (ref. 7 ). This study was conducted from 1 January 2013 to 31 December 2015 in seven ICUs located in southern Poland. All the units participating in the study were a part of non-teaching multi-profile hospitals, with an average number of beds of 414 (range from 224 to 669). The average fulltime-equivalent nurse per bed ratio was 2.6. Almost all 6 of the surveyed units were trauma and medical ICUs without cardiac surgery, neurosurgery or oncology (no immunocompromised, haematological and/or transplant patients). Only 1 unit was a surgical ICU without trauma or emergency patients. In terms of ward type and patient characteristics, the study wards were typical Polish ICUs. Care bundles for patients with catheters or ventilated patients and the selective decontamination of the digestive tract were not used.
All study hospitals had infection control teams consisting of epidemiological nurses (no more than one per 200 beds) and a physician as the team leader (their duties related to the study averaged 1/5th of fulltime-equivalent work); 2 hospitals specialized in medical microbiology.
The diagnosis and classification of infections such as BSI (bloodstream infections), PN (pneumonia), UTI (urinary tract infections) and OTH (other) used definitions developed by the ECDC (ref. 7, 8 ). OTH infections included infection of the bones and joints (BJ), lower respiratory tract infection (LRT), infection of the gastrointestinal tract (GI), genital infection (REPR) and surgical site infection (SSI). Pneumonia was divided into subgroups based on microbiological diagnostics: positive quantitative culture from a minimally contaminated LRT specimen (PN1); positive quantitative culture from a possibly contaminated LRT specimen (PN2); alternative microbiological methods (PN3); other positive culture of sputum or non-quantitative culture of samples from the lower respiratory tract (PN4); and no positive results in microbiological tests (PN5). Bloodstream infections were divided into primary and secondary. Primary infections were distinguished based on the origin of infection: related to central venous catheter (CVC-BSI); associated with peripheral venous catheter (PVC-BSI); arterial catheterrelated (ART-BSI); and unknown source (C-BSI). In addition, primary vascular catheter-related infections were divided into categories based on the microbiological diagnosis: localized infection without positive blood culture (CRI1), generalized infection with positive blood culture (CRI2) and infection with positive blood culture (CRI3). Secondary bloodstream infections were the result of other infectious processes taking place in the body, which occurred when the same microorganism was isolated from blood culture and other focus of infection. Among these conditions, the following types of secondary bloodstream infections were distinguished: secondary to respiratory tract infection (BSI-S-PUL); secondary to urinary tract infection (BSI-S-UTI); secondary to infection of the skin and soft tissues (BSI-S-SST); secondary to the surgical site infection (BSI-S-SSI); secondary to gastrointestinal tract infection (BSI-S-GI); and secondary to other infections (BSI-S-OTH). Based on the microbiological diagnosis, two types of UTI infections were distinguished: microbiologically confirmed symptomatic urinary tract infection (UTI-A) and microbiologically unconfirmed urinary tract infection (UTI-B). Information about patients infected with HAI was collected through active control in accordance with the methodology of surveillance HAI protocol for ICUs, with detailed data collection only for HAI cases 7 . The study excluded patients whose hospital stay in the ICU was shorter than 2 days and those in whom the signs of infection occurred within 2 days from the beginning of hospitalization.
The fatality rate was calculated as the proportion of patients who died from a specified disease among all individuals diagnosed with the disease. The evaluation of this relationship (direct or indirect) was performed by a local infection control team on the basis of the collected medical records.
Based on symptoms and signs, the following clinical materials were collected for microbiological analysis: blood, urine, wound swabs, stool, bronchial aspirate, bronchial alveolar lavage, tips of vascular catheters and others. All supervised hospitals implemented and applied the principles of the European Committee on Antimicrobial Susceptibility Testing (EUCAST).
The de-identified database did not include data on medications (except those used for the treatment of infections) or the details of patients' general status and invasive procedures (such data were not required by the ECDC HAI-Net light protocol used for surveillance) (ref. 7 ). Statistical analysis of the material used the statistical program IBM SPSS STATISTICS (Statistical Package for the Social Sciences STATISTICS 24, Armonk, NY, USA and Microsoft Excel Microsoft Office 2016 Redmond, WA, USA) and Microsoft Excel by Microsoft. The level of significance was P<0.05. We also calculated odds ratio (OR) and 95% confidence level.
To compare the incidence of qualitative variants in several populations, the chi-square Pearson test of independence was used. The use of data was approved by the Bioethical Committee of the Jagiellonian University (No. KBET /122.6120.118.2016 from 25.05.2016). All the data entered into the electronic database and analysed in this study were previously anonymised.
RESULTS
Among the 2547 patients hospitalized in study units, HAI were detected in 510 patients (189 women and 321 men). The median age of these patients was 63 years, 67 years in women and 60 years in men. The length of stay in the units was 10.3 days on average and 50.9 days in infected patients (median 35.0 days).
The intubation utilization ratio measuring the presence of total patient-days with intubation and calculated by dividing the number of intubation (and ventilator) days by the number of patient days was 0.79. The centralvenous catheter (CVC) utilization ratio measuring the presence of total patient-days with CVC and calculated by dividing the number of CVC days by the number of patient days was 0.89 The urinary catheter utilization ratio measuring the presence of total patient-days with urinary catheter and calculated by dividing the number of urinary catheter days by the number of patient days was 0.95.
In the study period, 575 HAI cases were diagnosed, with an incidence of 22.4%. There were 205 PN cases, with an incidence of 8.0% and 10.2/1000 person-days of hospitalization (VAP incidence: 12.3/1000 ventilatordays); 184 BSIs, with an incidence of 7.2% and 9.2 persondays of hospitalization (BSI-CVC 3.2/1000 CVC-days); and 95 UTIs, with an incidence of 3.7% and 4.7 persondays of hospitalization (CA-UTI 4.9/1000 catheter-days). The mortality (directly and indirectly) associated with HAI was 10.8% (62 cases: directly 42 cases, indirectly 20 cases).
In the study population, PN accounted for most of the HAI cases. In connection with the methods of microbiological diagnostics, it was found that in most study ICUs, the material was collected using invasive methods, including in 80 cases of PN1 (39%). In 87 cases (43%), no microbiological tests were carried out or materials were used that had scarce diagnostic value (PN4+PN5), despite the fact that the substantial part of cases, including 197 PNs (96% of the total), were linked to mechanical ventilation. A significant statistical relationship was observed between PN and mechanical ventilation (P<0.05), the length of stay in the unit (P<0.001) and the age of patients (P<0.01). In the case of pneumonia, the mortality directly and indirectly associated with HAI was 10.7% (22 deaths, table 1); a significant relationship was found between the presence of PN and death (P<0.05) and between the presence of PN and the coexistence of secondary bloodstream infection (P<0.001) - Table 1 .
Among all diagnosed HAIs, BSIs were the second most common form of clinical infection and were divided Table 1 . Multivariate analysis of healthcare-associated pneumonia and types of pneumonia. into 97 (53%) primary and 87 (47%) secondary cases. Among primary BSI, patients with central vascular catheter dominated, with 57 cases (59%), as seen in Table 2 .
In the majority of these cases, i.e., 46 (70%), blood cultures were positive (CRI-3); in 7 cases (11%), changes were topical without positive blood culture (CRI-1); and in 13 cases (20%), the infection was generalized without positive blood culture (CRI-2). The relationship was observed between the presence of primary bloodstream infection and the length of stay in the unit (P<0.01). In case of primary bloodstream infections, mortality directly or indirectly related to BSI was 16.5% (16 deaths, Table 1) , and a significant relationship was demonstrated between the presence of primary BSI and death (P<0.05), while the CRI mortality directly or indirectly related to HAI was slightly higher, at 19.7% (13 deaths). PN was the most common source of secondary bloodstream infection (BSI-S-PUL; 39 cases, 45%). The other frequent sources of secondary bloodstream infection included UTI (19; 22%), SST (10; 12%), OTH (7; 8%), GI (6; 7%) and SSI (6; 7%). A significant correlation was observed between the presence of secondary BSI, the length of stay in the unit (P<0.001) and the age of patients (P<0.01). Urinary tract infections (UTIs) mainly occurred in patients with bladder catheters: 94 cases (99%). These infections in large part (91 cases (97%)) were diagnosed using microbiological methods. Statistical significance was demonstrated between the presence of UTI, bladder 
DISCUSSION
This is the first report of active targeted surveillance conducted in a population of patients treated in ICUs in Poland and in Central Europe. Based on the metaanalysis carried out by Allegranzi et al. 9 the risk of HAIs among patients hospitalized in the ICU is 30%. Simonetti et al. 3 reported an HAI incidence in the ICU of 16%. The one-centre study conducted in Poland by Wieder-Huszla 10 found the incidence in the ICU to be 24%. Another study carried out in Poland by Kübler et al. 11 , who reported that the incidence in the ICU was 24%, with an incidence density of 22‰.
In our study, the median age of hospitalized patients with HAI was 63 years. The results of this study are similar to those conducted in other European countries 12 . HAI-related mortality in Polish ICUs in 1998 accounted for 26% (ref. 6 ). We find the fact that the current HAIrelated mortality in the ICUs was lower, at 11%, to be very positive. This value is smaller than the mortality noted in the ECDC report of 2012, where the mean mortality accounted for 15% (ref. 12 ). Numerous multi-centre studies confirm the consistency of these results with the outcomes presented in this study [11] [12] [13] [14] . However, a detailed data review indicates differences in the HAI epidemiology between Polish ICUs and the HAI-Net data, which may be related to the organization of work and the system of ) conducted in 55988 patients treated in the ICU in different European countries, the incidence was 7%. Therefore, it was comparable to that presented in this study. However, in the later ECDC report of 2013, the PN incidence was lower and amounted to 5% (ref. 15 ). Additionally, reports from Germany on the implementation of the programme KISS indicate the possibility of reducing the PN risk in the units actively involved in continuous infection surveillance 16 . A review of the literature found that in other Polish multi-centre studies, the PN incidence in the ICU varied considerably, i.e., from 2% to 21%, and the incidence density ranged from 10 to 53 per 1000 patient-days 17 . In the single-centre study conducted in 2010-2014 in ICUs, Wałaszek et al. 2 reported a PN incidence of 5%, with an incidence density of 7/1000 hospitalizations. In the single-centre studies conducted in the ICU in Wrocław, the PN incidence was 15% (2007-2010) and 8% (2014) (ref. 11, 18 ). Unfortunately, a high incidence of PN was observed in Poland not only in adults ICUs but also in neonatal ICUs 19 . In our present study, the PN mortality was 11%. European studies demonstrated that the PN-related mortality was high and amounted to 31% (ref. 12 ). In addition, in a single-centre study carried out in Poland, PN mortality in the ICU was 33% (ref.
2 ). A much lower PN mortality of 13% was reported by Duszyńska et al. 18 in a single-centre study conducted in Poland, and in the study of Wójkowska-Mach et el., the VAP mortality rate was 18% (ref. 20 ). In a study of 6284 patients, Melsen et al. (ref. 21 ) demonstrated a PN mortality of 13%. It is difficult to compare the results of our studies, other Polish studies and those conducted elsewhere in the world because a vast discrepancy in the percentage of mortality can result from the use of different criteria for qualification of patient death as associated or not associated with PN. Thus, these results should be considered reliable, with small differences in individual trials. In the later part of our research, in connection with diagnostic methods, the most commonly identified types of pneumonia were PN1 and PN4, while PN3 was the least frequent. Similarly, in the ECDC report 12 , PN1 and PN4 were the most frequent, while PN3 was the least frequent.
In our studies, BSI was the second most common form of HAI, with an incidence of 7%. Unfortunately, the Polish results are twice as high as those obtained in the European programme of infection surveillance, where these rates were as follows: an incidence of 4% in 2007 (ref. 12 ) and 3% in 2014 (ref. .2 ). However, it should be noted that there are significant differences in the incidence between individual European countries. The sensitivity of the system used to detect infections with particular emphasis on microbiological tests is probably an important factor differentiating individual countries in terms of BSI detection. Importantly, in the currently studied ICUs, the incidence of primary BSI was 4%, while it was 2% in the study conducted in Poland in 1998 (ref. 6 ). According to the ECDC data 12 , the percentages of BSI in relation to the source of infection were more varied than in our study and were as follows: 77% related to the central catheter (vs. 59% in Poland), 14% associated with arterial catheter and 9% associated with peripheral catheter. In this study, the incidence of central catheter-related BSI was 4% and was higher than in the ECDC study -3% (ref. 22 ). On the other hand, the proportion of ICU beds in Polish hospitals is lower than in most European countries, accounting for 6.9 beds per 100,000 capita of population compared with European averages of 11.5 beds 23 . As a result, Polish ICUs treat only the most seriously ill patients, who have significant risk of infections.
As for another division of vascular catheter-related infections (CRIs), which is based on microbiological diagnostics, the literature review found that the results of our analysis probably indicated the insignificant recognition of vascular catheter-related local infections compared to other European reports in which the proportion of CRI varied between countries and was as follows (on average): CRI1 (38% vs. 11% in Poland), CRI2 (20% vs. 20% in Poland) and CRI3 (41% vs. 70% in Poland) (ref. 9 ). In the study group, the mortality of patients with primary BSI was 24%.
In the study conducted by Wójkowska-Mach et al. 6 in 1998 in Poland, the mortality associated with primary BSI in the ICU was slightly lower and amounted to 19%. The analysis of the secondary BSI incidence found differences in the incidence of infections of different sources, particularly for UTI (ECDC 13% vs. 22% in Poland), GI (25% vs. 7% in Poland) and PUL (40% vs. 45% in Poland) (ref. 12 ). The third most common form of healthcare-associated infection was urinary tract infection (UTI); according to Duszyńska et al. 24 , the incidence of UTI in single-centre studies was 7% and was 92% in patients with urinary catheters. Our study obtained slightly lower values, with an incidence of UTI of 4% (incidence density 5) and with association with the urinary catheter in 99% of these infections.
The observed mortality in patients with UTIs was 18%. In another study conducted in Poland in 1998, the UTI mortality in the ICU was similar and amounted to 19% (ref. 6 ). These results corresponded to the mortality achieved in the European study, where this rate was 22.8% (ref. 12 ). The presented research results come from the first multi-centre study conducted through the active continuous infection surveillance in Polish ICUs. They confirm the possibility of implementing this type of surveillance in Poland. The outcomes can be the basis for an in-depth analysis of the epidemiological situation in intensive care units and the exploration of factors influencing HAI incidence in those departments and thus contribute to the development of more effective preventive actions. This should be the most important element of HAIs surveillance because the epidemiological situation in Polish hospitals differs from that described in HAI-Net ICU ECDC reports. Analysing the data from the pilot study of HAI-Net "standard version" in Polish ICUs allows us to draw the conclusion that the sensitivity of surveillance does not depend on the type of protocol chosen and that "the light" version is easier and less time absorbing for HAI surveillance.
The presented study has some limitations. The first is that it was conducted in a relatively small group of seven ICUs. Most of these ICUs hospitalized patients in similar conditions, but no detailed information about comorbidities and no APACHE score or any other scale were assigned to patients. Another limitation is that, although all units used the same protocol, there was no external validation of infection detection. Additionally, the protocol did not require gathering detailed data on invasive procedures (catheters and mechanical ventilation), there were no unique standards of cooperation with microbiology labs, and isolated strains were not banked (hence no detailed characteristics of aetiological factors were available).
CONCLUSIONS

1.
Comparison of healthcare-associated infections incidence in the study ICUs with the literature allows us to conclude that the epidemiological situation in the study units did not significantly vary from situations described in the literature.
2. The incidence of primary and secondary bloodstream infections, which is higher than in many European countries, indicates the need for intensification of control in this area and undertaking further studies to clarify the source of this discrepancy. The main problems were still infections in patients with a central vascular catheter.
3. Differences in the incidence of vascular catheterrelated bloodstream infections may be associated with various microbiological diagnostics in patients with vascular catheters, more careful diagnosis and classification of CRI1 infections, with a tendency to diagnose BSI based on general symptoms or positive blood culture.
4. Comparison of secondary sources of bloodstream infections revealed a greater percentage of infections originating from the urinary tract and pneumonia and a smaller percentage of infections with the source in the gastrointestinal tract.
5. The results of the surveillance carried out under the programme of the PSHI are comparable with the outcomes of the control conducted by the ECDC. This suggests that despite the lack of reports on the implementation of active targeted surveillance programmes and top-down incentives, it is possible to carry out effective surveillance of HAIs in ICUs, even in Poland.
6. Polish ICUs have very high antibiotic resistance in Gram negative rods, especially Klebsiella spp. and nonfermenting Gram-negative bacilli. 
